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Space, energy, matter and man, 
symbolize the broad areas into which 
the diverse TEES divisions conduct 
research and development 

To disseminate knowledge is to dis- 
seminate prosperity - I  mean general 
prosperity and not individual riches - 
and with prosperity disappears the 
greater part of the evil which is our 
heritage from darker times. 

-Alfred Nobel 
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io have c r i t i c a l  r ev iews  of tlic work .  If the rcvicws provc favorable ,  

esp c r in? e nta 1 1 y ~ 

arc  givcn as; 



z 9 



these c i r c u m s t a n c e s ,  a s t r e s s  rcsultLtlit co i~ ip l j ancc   nay bc found l J ) 7  

equat ing the bciicling and twist ing n ~ o i n c ~ i i t  stress resultants of tlic in t r in-  

s ica l ly  and s t i -uc iura l ly  or thot  rc;pic slicll s ,  

In t.hc 1.iI-ci.aturc. sui-vcy of st iffened plate analysis, it h;id bc:c:n 
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th ree  poss ib le  pr inc ip les  given a s  €ol . l .o i~s :  

Con s i. s t C: nt 11 e f ini t i  o n 

The 1membra.ne s t i i i e i ie rs  coefficient-s a r e  groupings of e l a s t i c  

(i) __ _II_ 

cons tan ts  arid the bending stiflenei-s a r e  a l s o  groiipjngs of the 

SIz113e e l a s t j c  C o ~ 1 S t a n t s .  Hence, a s  might  be e?~j~ec tc-d ,  

kno\ving oiic s e t  of s t i f feners ,  the other  set m a y  L e  dc.rj,ed. 

--hr-lact, the twa-d stiffeners a r c  propor t io i ia l  to each other, 

the constant  of proportionali ty being JAz , w h e r e  & is  

the shell ihiclrnc,ss.  

with bending and c;; the stiiicnc-rs associated with bending.  

L e t t i n g  Di j  be the s t i f feners  associniecl  

Then 

(i i)  1ncrc.asc.d Arcs Eifcct _- _ _  - - ^_______I 

The pr inc ip lc  behind the  sccoiicl possibi l i iy  is t h a t  the s t i f f e n e r s  

increase the a rea  of the slicll r e s i s t j i i g  nicrnbrane forces. A s  

a consequence, this incye.ase in  a rea  shou.ld ca~ isc :  a correspoiid-.  

ing  clccreast. i n  thc me.mbr.ai-ic.  i o ~ c e s .  FIciicc, i-lie conipl ianccs  

of the rnemb1-anc. i.jgicljtj.cs should L c  based  solely 011 tlic eficct: 

thc stiffcnei-s l invc on  thc cross sc~ctioiiaz'l a r e a  of thc siicll. 



.. 
is  used b y  F l u g g ~  i n  dcr iving llis r i b -  stiffciicd cylindric a1 

p ~ i i c 1  equations.  SO f a r  a s  the present  r e s e a r c h  e f fo r t  is 

concerned-, i t  ~ ; L S  the disadvant~i  L;(J in tha t  it s c p  l-atc‘s 

bending and  i i i en ib r~ tn t~  r ig id i t ics  in to  the sep;lratc niicl 3 1 0 3 1 -  

connccted a y e a s .  

individiial elastic constants \+hi ch coniposc‘ tlic two r igidi t ies .  

It also dcs t roys  the idcxtity 01 the 

( i i i )  Isotropic Eifcct -___ ___- - -.__ 

Tlie t l i ird poss ib i l i ty  i s  that i l l ?  s t i f ie l iers  have no effibct on 

the in(~imbrane r ig id i t jcs .  IIc-nce, the sliell l x h n v c s  as an 

i s o t r o p i c  ui1stifi’::nr-d 111e1111>~1- s o  far czs  incii ib~-an- ef€ects  

concerned.  For extremely s h a l l o \ v ~ s l ~ c l l s  such an zn assump-. - 
t ion is j u s t i f i t d  in  thaL the nicni’orane r ig id i t ies  are  

iiisigiiilicant i n  affecting ihc  load c a r r y i n g  capac i ty  of the 

s t ruc tuvc .  Ilol):evi.r, v ~ l i c n  the sha1lo~:nes s oi the  shel l  

d e c r e a s e s  a n d  tllc s t ructure  bccoincs  idcntil‘ic~ble. as a 

c u r v e d  p;inel, tlicri the neglect of the s t i i i e n e r  on the ~neriibraile 

r i g j dit  y be c 0 1  IZC s qu c s t i una b 1 e . 
E a c h  of the thrcr. conditions had becn u:;cd in the shal!ow s h c > l l  
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the membrane  r ig id i t ies  that  arc clerivcd f r o m  Iluffington's bciiding 

r ig id i t ies .  

I-jgiditlc>s hzd been  calculcLted. 

used foi- tlie ~lzcmbrane rigicliiies. 

The t h i r d  l e t t e r  iiidj ca tc  s tlic inaiiner i n  which the L,ending 

The H, I and €7 follo\v the same code a s  

"-_- ~" - _ _  
The resul ts  indicate EX7?there does exist a rang6 of rhell  shallow- 

nc s s .\.;.1i e I- e i n  H u f f  in  gi on' s plat c c omp 1 ; c?. 11 c e e q u a  ii on s a r c a 1-11> I' op r ia t e io r 

s h c l l  compl iances .  The r e s u l t s  a l so  indicatc  the pronounced effect the 

beiidirlg r igidi t ;  es have in  d e c r e a s i n g  tfic inaxjinum deflection f r o m  the 

va lue  fowid in the i s o t r o p i c  case .  

be in g r c a s 0115 b 1 cx  app T osiriia ti on s to the th r t c de f IC c ti on s t' xp e s i c  1'1 c c d i n  

the r e i n f o r c e d  p a i l c l ,  t h r n  thc curves also indicate t h a t  the i n t r i n s i c a l l y  

orthotrop;c panel equa tioiis with the b tnding  s i g i d i t j c s  a s  given by 

Huffingtori a n d  i so t ropic  ~mcnibrl';tne r ig id i t ies  cl osc ly  a1)proxiinatc the  

def lcct ion of thc rih stiffciied paricl. 

n i e i ~ ~ b r a n c  r ig id i t ies  1-csu1t.s in  s ign i f ic~in t ly  l o v + c r  V ~ I L Z ~ S  oi dcflc.ctjon 

tha ri e sp c 1' i P I )  c ed fr o m  Flii p,cc ' s 

1f F1i;gge's resiills arc ac~t .p icd  3 s  

Note  illat the use of 01 thotropic  

na 1 y s i s . 



REPEATING SECTION OF SHALLOW SHELL 

COMPLETE SHELL 

A 
The Shallowness Of The Shell 

Was Varied By Varying The Radius R 
8 

DETAILS OF RIB-STIFFENED SHALLOW 
CYLINDRICAL PANEL 

FIGURE I 
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